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ABSTRACT

Folate-containing prenatal supplements are commonly consumed in the United States, but inconsistencies in units of measure and chemical forms
pose challenges for providing authoritative advice on recommended amounts. New regulations require folate to be declared as micrograms of
dietary folate equivalents (DFE) on product labels, whereas intake recommendations for reducing the risk of neural tube defects (NTDs) and the
Tolerable Upper Intake Level are expressed as micrograms of folic acid. Today, >25% of prenatal supplements contain folate as synthetic salts of L-
5-methyltetrahydrofolate (L-5-MTHF), but recommendations do not include this form of the vitamin. Harmonizing units of measure and addressing
newer forms of folate salts in intake recommendations and in the prevention of NTDs would resolve the confusion. Adv Nutr 2020;11:753–759.
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Introduction
Folate (folacin) is the generic term for a group of related
compounds with similar nutritional properties including
the naturally occurring (food folate) and synthetic forms
[folic acid and the salts of L-5-methyltetrahydrofolate
(L-5-MTHF)]. Most dietary folate is converted to L-5-
MTHF in the intestinal mucosa, a biologically active
form of the vitamin that then enters the circulation. Fo-
late in dietary supplements most commonly appears as
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folic acid because it is a stable and inexpensive com-
pound that is readily converted into active forms of the
vitamin.

Prenatal supplements are vitamin and mineral products
intended to be taken before, during, and after pregnancy
that are sold both over-the-counter and by prescription.
Pregnant women who obtain these products by prescription
are not necessarily folate deficient. The term “prenatal”
implies before birth but it may be confusing since their
utility for reducing the risk of neural tube defects (NTDs)
requires adequate doses of folate be taken periconceptionally,
before the embryo’s neural tube closes between days 21–28
postconception (1). Thus, recommendations to reduce NTD
risk focus on women of childbearing age who are capable of
becoming pregnant, and not on women who have already had
their pregnancy confirmed (2, 3).

Folate Amounts in Prenatal Supplements
There is no mandatory product registration requirement
for either prescription or nonprescription prenatal supple-
ments in the United States. The NIH’s Dietary Supple-
ment Label Database (DSLD) and DailyMed are currently
the best publicly accessible databases for information on
the folate content of currently available supplements. The
DSLD catalogs virtually all information printed on di-
etary supplement 1abels (4) and DailyMed is the official
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provider of FDA label information on drugs and prescribed
supplements (5).

We examined folate content, chemical forms, and units
in 173 prenatal supplement products using data from 53
prescription product labels (sold only by prescription) and
120 nonprescription product labels (sold over-the-counter)
listed in the DSLD and DailyMed. In this analysis of prenatal
supplement labels, all data are presented in micrograms (μg)
of folic acid, because authoritative recommendations for
the prevention of NTDs are presented as micrograms or as
milligrams of folic acid (2, 3). New FDA labeling regulations,
however, require folate to be declared in micrograms Dietary
Folate Equivalents (μg DFE) (6). Because products conform-
ing to these regulations are currently being implemented,
some dietary supplement labels still declare folic acid and
folate in micrograms, whereas others use micrograms DFE.
Since l μg DFE is equal to 0.6 μg folic acid, we used a factor
of 1.7 to convert label amounts declared as μg DFE to μg folic
acid (7).

Sources of Confusion
Our scrutiny of folate in prenatal supplement label declara-
tions identified inconsistencies involving recommendations
for folate intakes, Daily Values (DVs), and units used in
product labeling, the Tolerable Upper Intake Level (UL), the
amounts of folate declared on prenatal supplement labels, and
the newer synthetic forms of the vitamin found in prenatal
supplements. All of these are discussed below.

Recommendations for folate intakes
Table 1 shows intake recommendations for folate from the
National Academies of Sciences, Engineering, and Medicine,
Food and Nutrition Board (FNB), the CDC, and the US
Preventive Services Task Force (USPSTF). The primary
functional indicator of adequacy for folate used by the FNB
to set the RDA for nonpregnant, pregnant, and lactating
women [which ranges from 400 to 600 μg DFE (equivalent
to 240–360 μg folic acid)] was the maintenance of RBC
folate (8). In setting the folate RDA, the FNB did not

TABLE 1 Folate recommendations from governmental and other organizations1

Organization Recommendation

National Academies of Science, Engineering, and
Medicine’s Food and Nutrition Board (FNB) 1998
Report (8)2

RDA, nonpregnant women ≥14 y: 400 μg DFE (equivalent to 240 μg folic acid).
Note: The FNB also recommends that “women capable of becoming pregnant consume 400

μg of folate daily from supplements, fortified foods, or both in addition to consuming food
folate from a varied diet.”

RDA, pregnant women 14–50 y: 600 μg DFE (equivalent to 360 μg folic acid)
RDA, lactating women 14–50 y: 500 μg DFE (equivalent to 300 μg folic acid)
Tolerable Upper Intake Level (UL),3 pregnant and lactating women 14–18 y: 800 μg folate from

fortified foods or supplements (not stated as folic acid or in μg DFE)3

UL, pregnant and lactating women 19–50 y: 1000 μg folate from fortified foods or
supplements (not stated as folic acid or in μg DFE)3

CDC (2) “All women of childbearing age in the United States who are capable of becoming pregnant
should consume 0.4 mg of folic acid per day for the purpose of reducing their risk of having
a pregnancy affected with spina bifida or other NTDs. Because the effects of high intakes are
not well known but include complicating the diagnosis of vitamin B-12 deficiency, care
should be taken to keep total folate consumption at less than 1 mg per day, except under
the supervision of a physician. Women who have had a prior NTD-affected pregnancy are at
high risk of having a subsequent affected pregnancy. When these women are planning to
become pregnant, they should consult their physicians for advice.”

US Preventive Services Task Force (USPSTF) (3) “The USPSTF recommends that all women who are planning or capable of pregnancy take a
daily supplement containing 0.4 to 0.8 mg (400–800 μg) of folic acid.”

FDA Pre–July 2016 DVs for pregnant and lactating women: 800 μg folic acid (9)
Post–July 2016 DV for pregnant and lactating women: 600 μg DFE (equivalent to 360 μg folic

acid) (6)
Health claims permissible for folate and the prevention of neural tube defects on supplement

labels:
Health claim: “Women who are capable of becoming pregnant and who consume
adequate amounts of folate daily during their childbearing years may reduce their risk of
having a pregnancy affected by spina bifida or other neural tube defects.” Prenatal
supplements labeled at 800 μg must include the safe upper limit of daily intake value of
1000 μg (1 mg) in the claim statement (10).
Qualified health claim: “0.8 mg folic acid in a dietary supplement is more effective in
reducing the risk of neural tube defects than a lower amount in foods in common form” to
be accompanied by the appropriate disclaimer: “FDA does not endorse this claim. Public
health authorities recommend that women consume 0.4 mg folic acid daily from fortified
foods or dietary supplements or both to reduce the risk of neural tube defects” (11).

1DFE, dietary folate equivalents; DV, Daily Value; NTD, neural tube defect.
2Sources: references 2, 3, 6, 8–10, and 11.
3The UL is assumed to be established only for folic acid and does not include the naturally occurring or other synthetic forms of the vitamin, such as L-methylfolate (from
reference 13) but this is not explicitly stated in the official FNB report.
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consider NTD risk reduction, as NTD risk reduction during
the periconceptional period was viewed as an inappropriate
functional indicator for women of childbearing age who
were not likely to, or who did not plan to, become pregnant
(8). In contrast, the recommendations by the CDC (400 μg
folic acid/d) (2) and USPSTF (400–800 μg supplemental
folic acid/d) (3) differ from the RDA values because they
focus only on reducing the risk of NTDs in the pre-
and periconceptional period. They also include all women
capable of becoming pregnant, and specifically state that
the source of supplemental folate must be from folic acid
(Table 1).

To address NTD risk reduction, the FNB also rec-
ommends that nonpregnant women capable of becoming
pregnant consume 400 μg folate daily from supplements,
fortified foods, or both in addition to consuming food folate
from a varied diet (8). Although not specifically stated
in the FNB report, it must be assumed that the intended
form of folate is folic acid because folic acid was the only
synthetic form of folate used in supplements and fortified
foods at the time the recommendations were established,
and only folic acid was tested in clinical trials for preventing
NTDs.

DV and units used in labeling
The % DV on Supplement and Nutrition Facts labels was
developed by the FDA to help consumers determine how
the levels of various nutrients in a standard serving of the
product compare with their approximate requirement for
them, based on a 2000-calorie diet. DVs are different than
the RDAs and Adequate Intakes (AIs), but they are based
on them. Specifically, the FDA selects the highest RDA
(or AI) value within each of 4 established DV groups: 1)
adults and children aged ≥4 y, 2) children aged 1–3 y,
3) infants aged 1–12 mo, and 4) pregnant and lactating
women.

Until July 2016, the DV for all forms of folate for pregnant
and lactating women was 800 μg, a value based on the FNB’s
1968 RDAs (9). Although the FNB updated the RDAs in
1974 and 1980, the FDA did not revise the DVs at either
time because the agency did not believe the updates were
substantial enough to justify a revision (9). The FDA also
did not revise the DVs following the 1989 update, because
Congress passed a moratorium on the implementation of the
1990 amendments in the Nutrition Labeling and Education
Act as they applied to dietary supplements. As a result, the
FDA retained the 1968 RDAs as the nutrient reference values
for folate and most other nutrients (9).

The original folate DV did not distinguish between food
folate (naturally occurring), folic acid, and other synthetic
forms of the vitamin (12). However, in the new labeling
regulations for food and dietary supplements issued in July
of 2016 (6), the updated folate DVs are expressed as μg
DFE, conforming to the FNB’s concept of DFEs. DFE values
differentiate between the naturally occurring folate in food
and the more highly bioavailable added synthetic forms
of the vitamin (8, 12). The updated DV of 600 μg DFE

(equivalent to 360 μg folic acid) for pregnant and lactating
women is much lower than the old DV of 800 μg folic acid
(Table 1). Because the label changes are being implemented
by manufacturers over a period of several years, both the
“old” and “new” labels are currently on the market, and this
creates further confusion.

It is important to note that neither the updated DV nor the
old DV is based on the recommendations from the CDC and
the USPSTF for the prevention of NTDs. To address concerns
about consumer understanding, the FDA requires products
containing folic acid to list the micrograms of folic acid in
parenthesis following the declaration of folate in micrograms
DFE. Figure 1 contains 2 examples from the FDA on how to
calculate and label products where 100% of the folate is from
folic acid and where the product contains a combination of
food folate, folic acid, and L-5-MTHF (7). Thus, to compare
folic acid amounts in products with amounts recommended
for NTD prevention, health care providers and women of
childbearing age must focus on the amount of folic acid in
parentheses, and not on the % DV.

Tolerable Upper Intake Level
The FNB established a Tolerable Upper Intake Level (UL) of
1000 μg for all adults that applies to “folate from fortified
foods or supplements” (8). It did not establish a UL for
naturally occurring folate (food folate) because high intakes
had not been reported to cause adverse effects. Therefore, the
UL is expressed in micrograms, not micrograms DFE, and
appears to apply only to folic acid, as explained in a recent
article (13), but not explicitly stated in the official report (8).
The other synthetic salts of the vitamin (i.e., L-5-MTHF),
were not addressed because they were first marketed after the
FNB report was released (14). Notwithstanding the relatively
high amounts of folic acid in most prenatal supplements, the
probability of exceeding the UL amount is obviously greater if
all forms of folate are considered. As shown in Figure 2, 92%
of the prescription products and 7% of the nonprescription
products would meet or exceed the 1000 μg folate from
fortified foods or supplements UL amount if all forms of
folate are included in the calculations. Thus, clarification is
needed on the application of the UL. Does it apply only to
folic acid or to all added forms of folate, which would include
all forms in supplements (see Table 2)? A literal reading of
the recommendation in the FNB report would suggest the
latter (8).

Labeled amounts of folate in prenatal supplements
In our review of prenatal labels, the mean ± SE amount
of folate per serving (expressed as μg folic acid) in the
prescription prenatal products we examined was significantly
higher than that in the nonprescription prenatal products
(1062 ± 34 μg vs. 733 ± 15 μg, respectively; P < 0.05). The
most common labeled amount of folic acid was 1000 μg in
the prescription prenatal products and 800 μg in the non-
prescription prenatal products. These amounts are higher
than the recommended amounts from the FNB, CDC, and
USPSTF, even without counting the dietary contributions of
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FIGURE 1 Labeling of naturally occurring folate, folic acid, and synthetic folate. Source: from reference 7. DFE, dietary folate
equivalents; DV, Daily Value; L-5-MTHF, L-5-methyltetrahydrofolate; RDI, reference daily intake.

food folate. Figure 2 also shows that 92% of prescription
and 9% of nonprescription prenatal supplements exceeded
the “old” FDA DV of 800 μg/d of folate/folic acid for
pregnant women, and all of the prescription and 94% of
nonprescription prenatal supplements exceeded the updated
or “new” FDA DV of 600 μg DFE. Further, as Figure 2
shows, folic acid amounts in 58% of prescription and 5% of
nonprescription prenatal supplements met or exceeded the
UL amount of 1000 μg. Other research indicates that most
prenatal supplements on the Canadian market also contain
1000 μg folic acid (15).

The new FDA labeling regulations should be fully
implemented by 2022, and it will be of interest to track
what percentage of prenatal products will be reformulated
to match the new DVs. Further, despite the fact that the
folate RDAs differ for women at various life stages (see
Table 1), 80% of the prescription and 37% of the nonpre-
scription prenatal product labels carried a claim stating the
products were suitable for use before, during, and after
pregnancy (16).

Newer forms of folate in supplements
The forms of folate used in supplements are changing. No
prenatal supplements entered in the DSLD or DailyMed prior

to September 2015 contained salts of L-5-MTHF. In our cur-
rent analysis, however, the salts of L-5-MTHF were present in
many prenatal supplements (32% of prescription and 25% of
nonprescription prenatal supplements) (see Table 2). These
salts are not explicitly addressed in the FNB report for folate
(8) for the previously stated reason. Furthermore, they are not
mentioned in current public health recommendations by the
CDC and USPSTF for reducing NTD risk (2, 3) because only
folic acid was tested in clinical trials for preventing NTDs. In
our review of nonprescription prenatal products, 20 folic acid
only products and 2 containing the L-5-MTHF glucosamine
salt carried a label statement that adequate folate may reduce
a woman’s risk of having a child with a brain or spinal cord
birth defect. No prescription product labels carried a similar
label claim statement.

The salts of L-5-MTHF might be effective in preventing
NTDs, but this has yet to be proven. The body must
convert folic acid into the active forms of folate such as L-
5-MTHF or another one-carbon moiety to be functional, so
theoretically, L-5-MTHF salts could function in preventing
NTDs (17). The literature available to date shows that the
intermediary metabolism of L-5-MTHF and folic acid is
comparable (18). Indeed, both the natural and synthetic
forms of the vitamin prevent folate-deficiency anemia and
maintain blood folate concentrations (19, 20). For example,
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FIGURE 2 Percentage of prescription and nonprescription prenatal supplements exceeding the FDA Daily Value for folate, or meeting
or exceeding the UL for folic acid. Based on all prenatal supplement products in the DSLD and DailyMed databases entered between
September 2015 and March 2019. DFE, dietary folate equivalents; DSLD, Dietary Supplement Label Database; UL, Tolerable Upper Intake
Level.

when administered, both the salts of L-5-MTHF and folic
acid forms of folate cause similar decreases in homocysteine
and produce similar serum and RBC folate concentrations
(17, 19). Furthermore, the bioavailability of these salt forms is
claimed to be similar to that of folic acid (20), and increases in
serum folate are independent of methylenetetrahydrofolate
reductase (MTHFR) status (21), but greater increases have
been observed with 5-MTHF than with folic acid in women
who were folate insufficient (22). Although the FDA has
not yet published guidance on conversion factors from
micrograms L-5-MTHF to equivalent amounts expressed as
micrograms DFE, the FDA has used in example calculations
the same conversion factors for branded and generic calcium

TABLE 2 Percentage of prescription and nonprescription prenatal
supplements containing folic acid and other forms of folate1

Form of folate
Prescription

(n = 53)
Nonprescription

(n = 120)

Folic acid, % 92 71
L-5-MTHF, %

Calcium salt 15 11
Glucosamine salt 4 11
Salt not specified 13 3

Combination, folic acid + L-5-MTHF, % 25 7
Food (broccoli, citrus peel), % 0 11

1Based on all prenatal supplement products in the DSLD and DailyMed databases
entered between September 2015 and March 2019. Note: the percentages do not add
up to 100% because some of the supplements are counted in >1 category. DSLD,
Dietary Supplement Label Database; L-5-MTHF, L-5-methyltetrahydrofolate.

and glucosamine salts as those used for folic acid (1 μg L-5-
MTHF = 1.7 μg DFE) (7) (see Figure 1). Currently, the FDA
permits manufacturers to use their own conversion factors
for any synthetic form of folate, providing the value does not
exceed that for folic acid (7).

In addition to bioavailability, there may be differences
in the stability and solubility of L-5-MTHF salts compared
with folic acid in dietary supplements. While L-5-MTHF
is highly unstable (18), the calcium and glucosamine salts
of L-5-MTHF are claimed to be stable (14, 23), with the
glucosamine salt more stable and soluble than the calcium
salt (23). We previously analyzed a nationally representative
selection of prescription prenatal supplements purchased in
2016–2017, which were close to their expiration date when
analyzed (24). Of the 24 tested, 20 contained only folic
acid, with a mean percentage difference from the declared
amount on the label of +20.9%. Four products contained L-
5-MTHF either alone or in combination with folic acid, with
a mean percentage difference from the label of +16.1%; for
the 1 product containing only calcium L-5-MTHF, the mean
percentage difference from the label was +16.6% (24). These
findings suggested there were no stability issues with L-5-
MTHF salts in the products tested. However, nonprescription
products were not tested, and similar analyses should be
extended to them as well.

Another potential difference between L-5-MTHF salts
and other forms of the vitamin is the possibility that
they do not mask the hematological signs of vitamin B-12
deficiency. High intakes of folic acid have been reported to
temporarily correct the anemia associated with vitamin B-12
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deficiency, possibly hindering the early diagnosis of vitamin
B-12 deficiency and allowing the associated neurological
damage to progress (25). At present, there is little evidence
that masking of vitamin B-12 deficiency is a problem
among women of reproductive age in the United States
(26). Nevertheless, some L-5-MTHF salts are marketed as
“safer” than folic acid, claiming that they do not mask
vitamin B-12 deficiency (14, 23). This claim needs to be
verified and the evidence presented in the peer-reviewed
literature.

Recommendations
The following steps would help resolve confusion involving
folate in prenatal supplements:

Reconsider the amounts of folate in prenatal supplements.
It may be time to evaluate the amounts of folate
in prenatal supplement formulations. The amount
of folic acid in prenatal supplements is much
higher than the amount of folic acid recommended
to reduce NTD risk, and furthermore, recent
data show that 33% of pregnant women who
take folate-containing supplements have total folic
acid intakes above the UL (27). The rationale
for providing doses of folate in many prenatal
supplements that are equal to the UL needs
to be reexamined. Instead, it seems logical for
manufacturers of prenatal supplements intended
for women in the general population to provide
folic acid/folate at levels matching public health
intake recommendations.

Harmonize units for expressing folate. The units used
to express folate amounts on product labels
and in recommendations for the prevention of
NTDs need to be harmonized. Folate and folic
acid are not interchangeable terms because of
the difference in their bioavailabilities, as re-
flected in the RDA values. Harmonizing the units
will make it easier for consumers to identify
amounts listed on product labels with those rec-
ommended by physicians and other health care
practitioners.

Clarify the UL for folate. Currently, the UL is stated
in micrograms (not micrograms DFE) and applies
to “folate from fortified foods or supplements.”
Clarification is needed on whether the UL applies
to folic acid only or to all synthetic folate salts,
including L-5-MTHF, because there are now many
prenatal supplements on the market containing
these forms.

Elucidate the stability and bioavailability of L-5-MTHF
salts. The stability of the L-5-MTHF salts (branded
and generic) needs review. The amount of the
vitamin provided by these forms should be verified
by laboratory analyses in a larger sample of
prescription as well as nonprescription products.
Additional information is also needed on the

bioavailability of the L-5-MTHF salts relative to
natural folate and folic acid and their metabolic
interactions with vitamin B-12.
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